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Description 

Field f the Invention 

The invention generally relates to the field of optical 
fibers, and more particularly, to making optical fibers 
drawn from preforms. 

Related Art 

The widespread use of optical fibers (lightguides) in 
telecommunications, medicine, and metrology can, in 
general, be directly related to the advent of low-loss 
glass fibers. Though some loss is inherent, low loss f fo- 
ers result from reducing the loss mechanisms incorpo- 
rated in the fiber during manufacture. These 
mechanisms include, among others, impurities that act 
as light absorbers, and geometrical distortions that lead 
to scattering of light inside the fiber. 

Additionally, widespread deployment of low loss 
optical fibers has generally required that fibers possess 
the material strength to withstand placement in harsh 
environments. This has been facilitated by reducing 
structural faults, such as bubbles or chemical impurities, 
that can cause significant mechanical stress and weak- 
ening of the fiber and/or can cause added loss. Typi- 
cally, the loss mechanisms and structural faults in an 
optical fiber drawn from a glass preform result from 
these imperfections existing in the glass preform. Thus, 
to manufacture high strength, low loss glass fibers effi- 
ciently, techniques must be employed that reduce the 
loss mechanisms and structural faults present in the 
glass preform. 

When loss mechanisms and structural faults result 
from preform surface imperfections, they can be sub- 
stantially eliminated by removing surface material com- 
prising the imperfection (this removal process being 
referred to as an etching process). Etching techniques, 
such as mechanical milling, chemical etching and 
plasma etching, are available that can be applied to 
glass preforms. 

Conventional chemical etching is relatively slow 
and is typically not a clean process. Though some 
imperfections are removed by chemical reaction, differ- 
ent imperfections can be incorporated as a byproduct of 
the etching reaction. In addition, chemical etching is typ- 
ically preferential, which is generally not suitable for 
selectively removing preform surface material. 

Mechanical milling is adaptable to the normal 
processing environment, but can introduce mechanical 
stress into the glass preform, and can lead to preform 
structural failure (e.g., formation of cracks that can prop- 
agate through the preform). 

Imperfections can also be removed quickly and 
cleanly by contacting the preform surface with an elec- 
trically conducting plasma region (a plasma fireball) 
using a isothermal plasma torch. The surface material is 
substantially removed by vaporization, due to the 



extremely high plasma temperature (>9000°C at the 
plasma fireball center) of the isothermal plasma torch. 
Though the temperatures in the tail of the plasma fire- 
ball are substantially less than at the plasma center, the 

5 temperatures are generally still several thousand 
degrees centigrade. These tail temperatures typically 
are sufficiently high to cause vaporization of most 
refractory dielectrics, thus removing impurities from the 
surface of the preform as well. Such impurities include, 

7 o but are not limited to, OH-type impurities, particuarly 
water. OH-type impurities are the result of hydrogen 
reacting with oxygen during the deposition. The source 
of hydrogen comes from precursor chemicals, the start- 
ing tube or hydrogen diffusion into the preform from the 

15 heat source. 

Although the above methods are sufficient for 
removing impurities and imperfections from the outer 
surface of the preform, there still remains the problem of 
impurities in the inner portion of the preform that are not 

20 the result of impure chemicals. Thus, what is desired is 
a method for making optical f ber preforms that substan- 
tially eliminates hydrogen from the deposition process 
to avoid OH-type impurities in the resulting optical fiber 
product. 

25 According to the present invention there is provided 
a method as defined in claim 1 . 

TTie present invention is directed to a method for 
making optical fiber preforms using a hydrogen-free 
heat source. The method comprises the steps of intro- 
30 ' ducing a moving stream of a vapor mixture including at 
least one compound glass-forming precursor together 
with an oxidizing medium into a tube while generating a 
hydrogen-free isothermal plasma on an outer surface of 
the tube, whereby the mixture reacts and a glassy 
35 deposit is produced on an inner surface of the tube. 

The method of the invention is based on the Modi- 
fied Chemical Vapor Deposition (MCVD) process devel- 
oped by AT&T Bell Laboratories. The inventors have 
replaced the oxyhydrogen heat source conventionally 
40 used in the MCVD process with a hydrogen-free plasma 
torch. Using a hydrogen-free plasma torch eliminates 
the introduction of hydrogen by the heat source. Elimi- 
nating hydrogen from the process in this manner mini- 
mizes the formation of water in the preform during the 
45 MCVD process. Thus, according to the present inven- 
tion, OH-type impurities are minimized in the resulting 
optical fiber product. 

The foregoing and other features and advantages 
of the present invention will be apparent from the follow- 
so ing more particular description of the preferred embodi- 
ments of the invention, as illustrated in the 
accompanying drawings. 

Brief Description of the Drawings 

55 

The invention will be better understood if reference 
is made to the accompanying drawings in which: 
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Figure 1 shows a front elevation view of apparatus 
for a deposition process using a hydrogen-free 
torch according to the present invention. 
Figure 2 shows a porti n of the apparatus of Figure 
1 in a vertical position. s 
Figure 3 is a sectional view of a substrate tube 
depicting observed conditions during processing. 
Figure 4 shows a plot of the relationship of insertion 
loss (dB/kilometer) vs. wavelength (nanometers) for 
a conventional clad multimode f toer (solid line) and to 
a clad multimode fiber made according to the 
present invention (dashed line). 
Figure 5 schematically depicts an exemplary 
plasma torch maintaining the plasma in a plasma 
confinement region according to the present inven- is 
tion. 

In the figures like reference numbers indicate iden- 
tical or functionally similar features. Also in the figures, 
the left-most digit of each reference number corre- 20 
sponds to the figure in which the reference number is 
first used. No attempt has been made to depict true 
dimensions and/or proportions. 

Detailed Description of the Preferred Embodiments 25 

The preferred embodiment of the present invention 
will now be discussed in detail. While specific features, 
configurations and arrangements are discussed, it 
should be understood that this is done for illustrative 30 
purposes only. A person skilled in the relevant art will 
recognize that other steps, configurations and arrange- 
ments can be used without departing from the spirit and 
scope of the invention. 

Further, background material concerning semicon- ss 
ductor solid-state physics can be found in a number of 
references including two books by S.M. Sze, titled: 
Physics of Semiconductor Devices, John Wiley and 
Sons, Inc., New York (1981), and Semiconductor 
Devices, Physics and Technology, John Wiley and 40 
Sons, Inc., New York (1985), both of which are incorpo- 
rated herein by reference. A discussion of modified 
chemical vapor deposition (MCVD) is in Chapter 10-2-3 
of a text titled, Optical Fiber Communications, by Gerd 
Keiser, McGraw-Hill (1983). 45 

The inventors have discovered a improved method 
for making optical fiber preforms using a hydrogen-free 
heat source. The MCVD process of the present inven- 
tion is essentially the same as that described in U.S. 
Pat. No. 4,334,903 (hereafter referred to as the '903 pat- so 
ent); however, the inventors have replaced the oxyhy- 
drogen burner disclosed in the '903 patent with a 
hydrogen-free, isothermal plasma torch. Using an oxy- 
gen plasma torch, for example, in the MCVD process 
eliminates the introduction of hydrogen by the heat ss 
source. Eliminating hydrogen from the process in this 
manner minimizes the formation of OH in the preform. 
Thus, according to the present invention, OH-type impu- 



rities are minimized in the resulting optical fiber product. 

The preferred oxygen plasma torch implemented in 
the method of the present invention is disclosed in U.S. 
Pat. No. 5,000,771 (hereafter referred to as the '771 pat- 
ent). 

Turning now to the description of an apparatus used 
to implement the method of the invention, Figure 1 
depicts a lathe 101 holding substrate tube 102 within 
which a hot zone 103 is produced by heating means 
1 04. According to the method of the invention, the heat- 
ing means 104 is an isothermal plasma torch having an 
oxygen discharge gas source, as will be discussed 
below. Tube 102 may be rotated, for example, in the 
direction shown by arrow 105a by means not shown and 
hot zone 103 is caused to traverse tube 102 by move- 
ment of heating means 104 as schematically depicted 
by double headed arrow 105b, for example, by a 
threaded feed member 106. A vapor-gaseous material 
is introduced into tube 102 via inlet tube 107 which is, in 
turn, connected to source material reservoir 108. Such 
reservoirs may include an oxygen inlet 109 connected 
to means not shown. As depicted, gaseous material 
may also be introduced by inlets 110 and 1 1 1 by means 
not shown and through inlet 112 from reservoir 113. 
Reservoirs 1 1 4 and 1 15 contain normally liquid reactant 
material which is introduced into tube 102 by means of 
carrier gas introduced through inlets 110 and 111 with 
the arrangement being such that the carrier gas is bub- 
bled through such liquids 116 and 117. Exiting material 
is exhausted through outlet 118. Not shown is the 
arrangement of mixing valves and shut off valves which 
may be utilized to meter flows and to make other neces- 
sary adjustments in composition. The apparatus of Fig- 
ure 1 is generally horizontally disposed. 

The apparatus of Figure 2 is, in its operational char- 
acteristic, quite similar to that of Figure 1 . Vertical dispo- 
sition of the substrate tube, however, lends stability to 
the portion of the tube within the hot zone and may per- 
mit attainment of higher temperature or of longer hot 
zones in the traversal direction without objectionable 
distortion. Apparatus depicted includes the substrate 
tube 102 which may optionally be provided with rotation 
means not shown. This tube is secured to the apparatus 
by means of chucks 221 and 222 and a traversing hot 
zone is produced within substrate tube 102 by heating 
means 104 which is caused to constantly traverse sub- 
strate tube 102 in the direction depicted by double 
headed arrow 224 by heating means 104. Gaseous 
material, for example, from source such as 108 of Fig- 
ure 1 is introduced via inlet tube 226 and existing mate- 
rial leaves via exhaust 227. 

Figure 3 is a front elevational view of a section of 
the substrate tube 102 as observed during deposition. 
Depicted is a heating means 104 producing a plasma 
fireball 331 which is traversing the substrate tube 1 02 in 
the direction shown by an arrow 333 by means not 
shown. Vapor-gaseous material is introduced at the left 
end of substrate tube 102 and flows in the broken sec- 
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tion of the figure in the direction shown by an arrow 334. 
A z n 335, downstream of a hot zone 332, is filled with 
a moving powdery suspension of particulate oxidic 
material, while a region 336, generally devoid of such 
particulate matter, defines the region within which 
fusion of deposited material is occurring. 

Figure 4 shows a first plot 402 (solid line) for meas- 
ured loss in units of decibels per kilometer (dB/km) as 
measured on an optical fiber prepared in accordance 
with the 303 patent. Abscissa units are wavelength in 
nanometers. It is seen that loss is at a minimum of about 
0.15 dB/km for the wavelength range of around 1550 
nm (the limiting value on the plot). The peak at about 
1385 nm, as well as those at 1240 and 945 nm, are 
characteristic sub-harmonics of the fundamental water 
absorption. 

Figure 4 also shows a plot 404 (dashed line) that 
depicts measured loss expected for a length of optical 
fiber drawn from a preform made according to the 
present invention. It is seen that the sub-harmonics of 
the fundamental OH absorption are virtually eliminated, 
because hydrogen is prevented from diffusing into the 
substrate tube while the preform is made. 

Reaction Temperature 

Superficially, the inventive technique resembles 
conventional chemical vapor deposition. In general, 
50% or more of reaction product is produced in a posi- 
tion removed from substrate surface and results in the 
formation of solid oxidic particles of the desired glass 
composition. 

Homogeneous reaction is the result of sufficient 
rate of reactant introduction and sufficient reaction tem- 
perature. Such conditions can be achieved simply by 
increasing one or both parameters until homogeneous 
reaction is visually observed. To optimize the process 
from the standpoint of reaction, high temperatures are 
utilized. For the usual silica based systems, which com- 
prise the preferred embodiment, temperatures at least 
at the inner substrate wall are generally maintained at a 
minimum of 1200 degrees C at the moving position cor- 
responding with the hot zone. Maximum temperatures 
are ultimately limited by significant wall distortion. For 
horizontally disposed apparatus, such as that shown in 
Figure 1 , in which a hot zone moves at the rate of about 
2-20 cm/min about a tube rotated at the rate of about 
100 rpm, at temperatures greater than 1800 degrees C 
may be produced without harmful tube distortion. 
Decreasing the length of the hot zone, increasing the 
rate of rotation, increasing reactant flow rate, and verti- 
cal disposition of the tube are all factors that can permit 
use of higher maximum temperatures without variation 
in tube geometry. Indicated temperatures are those 
measured by means of an optical pyrometer focused at 
the outer tube surface. It has been estimated that for 
typical conditions the thermal gradient across the tube 
may be as high as 300 degrees C. 



Reactants 

Examples were carried out using chlorides and 
hydrides. Other gaseous materials of sufficient vapor 

5 pressure under the processing conditions and that react 
with oxygen or oxygen bearing material to produce the 
required oxidic glass may be substituted. In a typical 
system, the substrate tube is silica. The first reactant 
introduced may be such as results in the formation of a 

w first layer of undoped silica or silica doped with an oxide 
which serves to change the refractive index, which acts 
as a part of the clad and presents a barrier to diffusing 
impurity from the tube. Subsequent to formation of the 
first barrier layer or absent such procedure, where the 

75 tube is of sufficient purity, reactant materials of such a 
nature as to result in the desired index-increased core 
are introduced. In a chloride system, these may take the 
form of a mixture of SiCI 4 together with, for example, 
GeCI 4 and oxygen. Chlorides of other index increasing 

20 materials, such as phosphorous, titanium, and alumi- 
num may be substituted for GeCI 4 or admixed. FOCI 3 
can also be included to facilitate glass formation 
because of lowered fusion temperature, BCI 3 or freon 
for refractive index lowering, and the initial mixture may 

25 be altered during successive hot zone traversals so as 
to increase index (by increasing GeCl 4 or other index- 
increasing dopant precursor or by decreasing BCI 3 and 
freon). 

Since the usual vapor phase glass precursor com- 

30 pounds are not oxidic, oxygen or a suitable oxygen 
bearing compound is generally included to form the ulti- 
mate oxidic glass. A satisfactory procedure, followed in 
exemplary procedures, takes the form of an oxygen 
stream bubbled through reservoirs of liquid phase glass 

35 forming compounds. In one procedure, for example, 
oxygen streams were bubbled through silicon tetrachlo- 
ride, and through germanium tetrachloride. These 
streams were then combined with additional oxygen, 
the resultant mixture being introduced into the reaction 

40 chamber. 

Relative amounts of glass forming ingredients are 
dependent upon a variety of factors, such as vapor 
pressure, temperature, flow rate, desired index, etc. The 
appended examples indicate suitable amounts for pro- 

45 ducing the noted indices under the noted conditions. 
Variants are known to those familiar with glass forming 
procedures. 

A variety of diluent materials can be utilized for any 
of the noted reasons so, for example, argon, nitrogen, 
so helium, etc., may serve to maintain desired flow rates. 
Oxygen bearing compounds which may replace oxygen 
in whole or in part include N 2 0, NO, and C0 2 , and the 
like. 

In general, concentration of 3d-transition metal 
55 impurities in the gas stream is kept below 10" 2 percent, 
although further reduction in loss accompanies reduc- 
tion of those impurities down to the part per billion 
range. Such levels are readily available fr m commer- 
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cial sources or by purification by means similar to those 
taught by H. C. Theuerer, U.S. Pat N . 3,071 ,444. As 
compared with the usual soot process, the inventive 
procedure is carried out in a controlled environment 
without direct exposure to combustion products. This 
inherently results in avoidance of inclusion of particulate 
combustion products. Using a hydrogen-free heat 
source minimizes hydration from combustion in the soot 
process. This is a particularly significant advantage of 
the present invention over the prior art. As noted above 
in connection with prior art preform processes, several 
portions of the infrared spectrum suffer from sub-har- 
monics of the fundamental OH absorption. These sub- 
harmonics are reduced substantially according to the 
present method. For example, water peaks at 1385 nm 
can be less than 0.4 dB/km. 

General Procedure 

Deposition was carried out within a 19 l.D. by 25 
O.D. mm silica tube. The tube was placed on a glass 
lathe within which it was rotated at 100 rpm. Before 
introduction of reactants. it was flushed with a continu- 
ous stream of oxygen while traversing with a hydrogen- 
free oxygen plasma torch sufficient to bring the wall 
temperature to 1700 degrees C. The purpose was to 
remove any volatile impurities on the inside wall of the 
tube. 

Following a mixture of oxygen. SiCI 4 , and freon was 
added to the oxygen flow. Temperature was maintained 
at 1700 degrees C (within the moving hot zone as 
measured at the wall). In this particular example, the 
zone was moved at a speed of approximately 10 cm/min 
in the forward direction (direction of gas flow) and was 
rapidly returned to its initial position. 

Formation of sooty material within the tube, at a 
position spaced from the wall generally downstream of 
the hot zone, was visually observed. It was deduced 
and verified that homogeneous reactant was largely 
within the zone with particulates being carried down- 
stream by the moving gas. Deposition was continued for 
approximately four hours. 

The procedure to this point results in deposition of 
a layer serving as cladding. Core material was next 
deposited by introduction of SiCI 4 and GeCI 4 . These 
reactants, too, were introduced with an oxygen carrier, 
as before. With the temperature of the hot zone 
decreased somewhat to about 1600 degrees C, deposi- 
tion was continued for a few hours or more. 

In this particular example, tube collapse was initi- 
ated with CCI4 and 0 2 still flowing simply by reducing 
the rate of traverse of the hot zone. This results in a tem- 
perature increase which ultimately attained a level of 
greater than about 2000 degrees C to produce nearly 
complete collapse. Reactant flow was then stopped with 
final collapse producing a finished preform consisting of 
a Ge0 2 -Si0 2 core with a fluorine doped cladding sup- 
ported, in turn, by a silica layer. It will be recognized by 



those skilled in the art of fiber drawing, that the tube, 
without first being collapsed, can also be drawn into 
acceptable fiber. The resulting preform was then drawn, 
resulting in a fiber having an overall diameter of approx- 

5 imately 1 10 \im with a core area defined as the region 
within the down doped layer. The length of fiber drawn 
was approximately 0.7 km. The method described in 
some detail in N.S. Kapany, Fiber Optics Principles and 
Applications (Academic Press, New York) (1967) pages 

to 110-117, involved the local heating of an end of the pre- 
form affixed to the fiber, which was, in turn, drawn at a 
constant velocity of approximately 60 meters/min by 
winding on a 15 cm reel. 

15 Hydrogen-free Heat Source 

As noted above, the smooth curve 404 of Figure 4 
is due to the elimination of water (i.e., OH impurities) in 
the resulting optical fiber. Formation of water in the pre- 

20 form during deposition is prevented since there is no 
source of hydrogen to diffuse through the substrate tube 
and react with oxygen in the flow. 

Figure 5 schematically depicts an exemplary hydro- 
gen-free heat source according to the present invention. 

25 Heat source 104 is a plasma torch comprising a fused 
silica mantle 504 connected to a gas source 506 by a 
tube 508. The gas source 506 delivers the desired gas 
used for the plasma discharge into the mantle 504. A 
plasma fireball 510 is excited by an RF coil 512 and an 

30 RF generator 514 (collectively referred to as an RF 
source). In a typical prior art plasma torch, gas sources 
are generally used to provide an ionizable gas, with the 
plasma fireball primarily contained in a confinement 
region 516 of the torch. 

35 However, a substantial portion of the plasma fireball 
510 can be pushed out of the confinement region 516 
by adding, to the ionizable discharge gas, a high ioniza- 
tion threshold gas. The additional gas creates an area in 
the upper portion of the confinement region where 

40 higher energy is needed to couple RF energy into the 
gases to form a plasma. However, a plasma will natu- 
rally form at locations where the resistance to formation 
is generally lowest (i.e., the location where the energy 
requirements are generally lowest). In essence, the high 

45 threshold gas moves a significant portion of the optimal 
region for plasma formation out of the confinement 
region 516. The portion of the fireball outside the torch 
is typically less than 50% of the fireball, since maintain- 
ing a stable plasma generally requires the plasma 

50 center to remain in the torch for sufficient energy to cou- 
ple into the plasma from the RF source. The '903 patent 
further describes the high ionization threshold gas 
embodiment. 

Additionally, operation with the fireball extended 
55 outside the torch by approximately 30% to 50% of its 
volume generally places greater requirements on the 
power requirements of the RF source. However, by 
pushing the plasma center towards the torch exit, the 
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plasma fireball can easily contact a substrate tube 102. 

Parameters of a silica preform affecting its surface 
temperatures include its thermal capacity, thermal con- 
ductivity, emissivity, and heat of vaporization. Other 
parameters affecting the preform surface temperature 
are the energy being supplied to the plasma, and the 
plasma gas composition. In addition, torch apparatus 
and configuration can affect the deposition rate within 
the preform. Such apparatus related parameters 
include torch design, torch to preform separation, torch 
to preform orientation (e.g., plasma above or below the 
preform, as later discussed), and plasma torch sur- 
roundings (i.e., muffling). For example, the fused quartz 
extension 518 of the torch body is used to prevent the 
plasma fireball or hot discharge gas from contacting the 
RF coil 512 which could alter its electrical characteris- 
tics, which, in turn, could randomly alter the plasma 
location. 

The method of the invention is preferably practiced 
without actively pushing (as previously described in the 
embodiments using a second gas) the plasma fireball 
out of the confinement region. The plasma center 
remains in the confinement region substantially 
removed from the plasma torch exit, and the overall 
plasma fireball size can be enlarged by operating at 
high power, allowing the plasma fireball to extend out- 
side the torch. Furthermore, it is believed that locating a 
substantial portion of the plasma fireball outside the 
torch can also be attained by a relatively high flow rate 
of the discharge gas. Figure 5 schematically shows the 
inventive method being practiced with the fireball above 
the substrate tube. The method can also be practiced 
with the heat source 104 and the substrate tube 102 
inverted while mounted to holding apparatus. Alterna- 
tively, a two torch configuration can be used such that 
both sides of the substrate tube are simultaneously 
heated. The currently preferred embodiment uses the 
configuration with the fireball below the substrate tube. 
Other examples for adjusting the location of the fireball 
are described in the 771 patent. 

Typically, in the configurations discussed above, the 
torch and substrate tube surface are separated by more 
than 100 mm, preferably from 40-60 mm. Temperature 
of the tube can be changed by adjusting the flow of oxy- 
gen to the torch, mixing other gases with the 0 2 adjust- 
ing the radio frequency energy to the plasma or 
adjusting position of the torch relative to the substrate 
tube. 

Alternatively, the torch used in the method of the 
invention can be automatically vertically adjusted and 
tilted such that the fireball can be placed in various posi- 
tions with respect to the substrate tube. For example, 
the plasma torch can be similar in size to standard 
torches having a confinement region typically between 
30 to 60 mm in diameter. 

Gas flow rates into the hydrogen-free plasma torch 
with either 0 2 or O^Ar as the currently preferred gas, 
generally range from 1 to 100 l/min. For embodiments 



using a high ionization threshold gas to push the plasma 
out f the confinement region, N 2 is typically used as the 
high ionization threshold gas, with a flow rate generally 
ranging from 1 to 40 l/min, though other high ionization 
5 threshold gases, such as He, can also be used. The 
high ionization threshold gas generally must have a 
higher energy threshold for ionization than the dis- 
charge gas. 

The plasma fireball, excited by a RF generator 514 
10 that typically provides output power between 20 and 40 
kW, for example 30kW, traverses a preform at speeds 
typically from 0.01 to 100 cm/sec covering about 1 
meter of the preform being processed. Generally, the 
preform is rotated between 0.1 and 200 rpm, inclusively. 
15 The hydrogen-free plasma torch can also be used 
for collapsing the tube after the glassy deposit is pro- 
duced. The glass precursor reactant vapors can be 
maintained in the tube during the collapsing step. 



1. A method for making an optical fiber substantially 
free of OH impurities, comprising the steps of intro- 
ducing a moving stream of a vapor mixture includ- 
es ing at least one compound glass-forming precursor 

and an oxidizing medium into a glass tube, heating 
the outer surface of the glass tube, whereby the 
mixture reacts and a glassy deposit is produced on 
an inner surface of the glass tube, and drawing an 
so optical f toer from the resulting glass-preform, char- 
acterized in that: 

a hydrogen-free isothermal plasma heat 
source is used to heat the outer surface of the 
35 glass tube. 

2. The method of claim 1 , wherein said heating step 
comprises the step of heating with an oxygen 
plasma heat source. 

40 

3. The method of claim 2, wherein said oxygen 
plasma further comprises argon. 

4. The method of claim 1, wherein the glass tube is 
45 collapsed after the glassy deposit is produced and 

glass-forming precursor vapors are maintained in 
the glass tube during at least a portion of the col- 
lapsing. 

so 5. TTie method of claim 1 , wherein the temperature of 
the glass tube is changed by adjusting an oxygen 
flow, or adjusting radio frequency energy provided 
to the plasma, or adjusting the position of the 
plasma relative to the glass tube. 

55 

PatentansprQche 

1. Verfahren zur Herstellung einer weitgehend von 
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OH-Verunreinigungen freien optischen Faser, das 
die Schritte des Einlertens eines beweglichen 
Stroms eines mindestens eine schichtglasbildende 
Vorstufe und ein Oxidationsmittel enthaltenden 
Dampfgemischs in ein Glasrohr, des Erhitzens der 5 
AuBenflache des Glasrohrs, wodurch sich das 
Gemisch umsetzt und eine glasige Ablagerung auf 
einer Innenflache des Glasrohrs erzeugt wind, 
sowie des Ziehens einer optischen Faser aus dem 
so gebildeten Glasvorformling, dadurch gekenn- 10 
zeichnet, daB: 

zur Erhrtzung der AuBenflache des Glasrohrs 
eine wasserstofffreie, isotherme Plasmawar- 
mequelle eingesetzt wird. 75 

2. Verfahren nach Anspruch 1, bei dem der Erhit- 
zungsschrrtt den Schrrtt der Erhitzung mh einer 
Sauerstoffplasmawarmequelle beinhattet. 

20 

3. Verfahren nach Anspruch 2, bei dem das Sauer- 
stoffplasma auBerdem Argon enthalt 

4. Verfahren nach Anspruch 1, bei dem das Glasrohr 
nach der Bildung der glasigen Ablagerung zusam- 25 
mengedruckt wird, wobei wahrend dieses Vorgangs 
zumindest zeitweise im Glasrohr Dampfe von glas- 
bildenden Vorstufen bestehen bleiben. 



3. Proc&te selon la revendication 2, dans lequel ledit 
plasma d' xygene c mprend aussi de I'argon. 

4. Proc6de selon la revendication 1, dans lequel le 
tube de verre est affaiss6 apr&s que le dgpdt vitreux 
a 6t6 produit et les vapeurs de precurseur de for- 
mation du verre sont maintenues dans le tube de 
verre pendant au moins une partie de I'affaisse- 
ment 

5. Proc6d6 selon la revendication 1, dans lequel on 
fait varier la temperature du tube de verre en ajus- 
tant le d6bit d'oxygene, ou en ajustant l'6nergie 
haute frequence fournie au plasma, ou en ajustant 
la position du plasma par rapport au tube de verre. 



5. Verfahren nach Anspruch 1 , bei dem die Verande- 30 
rung der Temperatur des Glasrohrs durch Einstel- 
len eines Sauerstoffstroms Oder Einstellen von von 
dem Plasma zugefuhrter Hochfrequenzenergie 
Oder Einstellen des Orts des Plasmas relativ zum 
Glasrohr erfolgt. 35 



Revendications 



1. Proc6d6 de fabrication d'une fibre optique essen- 
tiellement d6pourvue d'impuret6s OH, comprenant 40 
les Stapes consistant a introduire un courant mobile 
d'un melange de vapeurs contenarrt au moins un 
compos6 pr6curseur de formation de verre et un 
milieu oxydant dans un tube de verre, a chauffer la 
surface extgrieure du tube de verre, ce qui permet 45 
au melange de r6agir et de produire un d£pdt 
vitreux sur une surface int&ieure du tube de verre, 
et a 6tirer une fibre optique a partir de la pr£forme 
de verre obtenue, caract6ris6 en ce que: 

50 

une source de chaieur a plasma isotherme 
d6pourvue d'hydrog^ne est utilis6e pour chauf- 
fer la surface exterieure du tube de verre. 



2. Proc6d6 selon la revendication 1 , dans lequel ladrte 55 
6tape de chauffage comprend T6tape consistant a 
chauffer avec une source de chaieur a plasma 
d'oxyg&ne. 
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